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Estimates of root standing crop were made at approximately 3-month intervals from two grassland communities 
each with three treatments. Roots were extracted to a depth of 0,5 m using a corer and then separated from the 
soil by wet sieving and flotation. Peak standing crops of 4487 g m- 2 and 4737 g m-2 for the two communities 
respectively, in autumn or early winter, were high relative to previously published figures. Lowest standing crops 
were recorded in summer. Treatment effects were masked by the high variation of the data. These high yields gave 
rise to high root/shoot ratios, which were decreased with aging of the sward and grazing of the above-ground 
biomass. Turnover times of 2-3 years were recorded. The need for root-depth profiles to facilitate standardization 
of results between researchers is emphasized. 
Beramings van die wortel biomassa is ongeveer 3-maandeliks op twee graslandgemeenskappe, onderwerp aan 
drie behandelings gemaak. Die wortels is met 'n grondboor tot op 'n diepe van 0,5 m verwyder en daarna van die 
grond geskei deur sifting en flotasie. Opbrengste van 4487 g m- 2 en 4737 g m-2 vir die twee gemeenskappe in die 
herfs of vroee winter was hoog in vergelyking met gepubliseerde syfers. Die laagste opbrengs is in die somer 
verkry. Die invloed van behandeling was onduidelik as gevolg van die hoe variasies in die data. Die hoe opbrengste 
het hoe wortel/loof verhoudings tot gevolg gehad, wat afgeneem het met toenemende ouderdom van die grasveld 
en beweiding van die bogrondse biomassa. Wortel vervanging van tussen 2 en 3 jaar is gevind. Die behoefte aan 
wortel-diepte profiele om standardisering van resultate tussen navorsers te bewerkstellig, word beklemtoon. 
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Introduction 
The majority of plant ecological studies in southern Africa 
have paid either scant or no attention to details of root 
ecology (Rutherford 1978). This is especially so in the case 
of grassland research (Tainton 1984) where the few studies 
to date have merely attempted to quantify the below-
ground standing crop only once or twice a year (Dye 1983; 
Smith 1985; Everson 1985). Apart from such preliminary 
work, detailed investigations into fluxes in, and of allo-
cations of photosynthate into and within the below-ground 
standing crop also remain to be undertaken. The absence 
of such investigations, especially in productivity studies 
(eg. le Raux 1978; Scotcher 1984; Conlong 1986), when 
roots often comprise most of the total standing crop (Sims 
& Singh 1971; Strugnell & Pigott 1978; Dye 1983; Fogel 
1985), and therefore possibly the majority of productivity 
too, is unfortunate. Reasons for the lack of such data in-
clude difficulty in sampling, inability to distinguish live 
roots from dead, and the high variability of the resultant 
data (Newbould 1968; Singh & Coleman 1973; Bohm 
1979; Singh et a!. 1984). A further reason may be that 
roots have no direct economic importance to grazing sys-
tems, and hence are neglected by researchers. However, 
despite these problems, it is important that future produc-
tivity studies attempt to include this fraction. Such inclu-
sion usually assists in the interpretation of changes in the 
above-ground standing crop (Smith 1985). This paper is an 
attempt to redress the scarcity of such data for grassland 
systems. The data reported here are part of a broader 
study presently underway to evaluate the productivity of 
coastal grasslands in north-eastern Transkei, and will be 
used in the near future to model and interpret the biomass 
fluxes of both the above- and below-ground components. 
Study area 
The study sites are located in Mkambati Game Reserve 
(31° 13' - 20'S and 29° 55' - 30° 4'E) in north-eastern 
Pondoland, Transkei. The total extent of the reserve is 
8 000 ha. The vegetal cover is mainly grassland but small 
areas of forest occur in the major river gorges and on 
some of the coastal sand dunes. The area was mapped by 
Acocks (1975) as Coastal Forest and Thornveld but the 
authors feel that the species composition makes it closer 
akin to Pondoland Sourveld (in prep.). Mean annual rain-
fall is 1 200 mm , (54 years' data) with a minimum of 50 
mm expected every month of the year. Sixty-one percent 
of the annual rainfall falls in the spring and summer 
months between September and February. Since 1984 the 
grasslands have been burnt on a biennial basis in July or 
August with 50% of the reserve being burnt each year. 
Prior to that there was no formal fire management policy 
and the seasonality and frequency of burning was hapa-
zard. The reserve supports approximately 1 600 wild her-
bivores constituting approximately 580 animal units. Pen-
ding formal quantitative classification of the grasslands, 
three major communities were subjectivt)ly identified on 
the basis of physiognomy and dominant species composi-
tion. Permanent monitoring plots were established in each 
of these communities in July 1985. Data from two of 
these, namely the Tristachya leucathrix and the Cymba-
pagan validus sites, are reported here. Specific char-
acteristics of each site are given in Table 1. 
Methods 
Each site comprised three (30 x 30 m) monitoring plots: 
an unfenced plot (hereafter referred to as the grazed plot) 
which was burnt at the beginning of the study in July 1985, 
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Table 1 Characteristics of the T. leucothrix and 
C. validus sites 
Site 
T. leucothrix C. validus 
Altitude (m .a.s.l.) 80 300 
Aspect (0) 163 27 
Slope CO) 3,5 1,0 
Distance from sea (km) 1,0 6,8 
Catena position top top 
Soil form Clovelly Glenrosa 
Soil type Loamy sand Silty clay 
A horizon: 
depth (m) 0,7--D,95 0,23 
% gravel 0 ,8 1,8 
% sand 85,4 23 ,7 
% silt 4,1 28,2 
% clay 8,4 44,3 
pH (KC!) 4,21 3,61 
Field cap. (% ) 34,7 48 ,9 
B horizon: 
depth (m) 0,25 0,25 
% gravel 1,4 90,8 
% sand 77,8 
% silt 12,6 stoney 
% clay 1,8 horizon 
pH 4,17 
Underlying material saprolite saprolite 
Relative species composition (%) 
Total of grasses & sedges 73,25 70,25 
Tristachya leucothrix 21,80 7,25 
Loudetia simplex 8,75 
Alloteropsis semialata 5,25 1,25 
Heteropogon contortus 5,25 1,00 
Wire grasses 11 ,25 5,25 
Ctennium concinnum 2,50 5,50 
Tracypogon spicatus 4,25 4,25 
Eulalia villosa 0,50 4,50 
Cymbopogon validus 14,75 
Digitaria natalensis 8,00 
Total forbs 26,75 29 ,75 
Basal cover (% ) 25,00 23 ,50 
an exclosure plot which was fenced and excluded all large 
herbivores (hereafter referred to as the ungrazed plot) and 
burnt at the same time as the grazed plot , and a control 
plot which was fenced and had not been burnt since 1983 
(possibly longer). The species composition of each plot 
was assessed using the wheel point method of Tainton et 
al. (1980) with 200 points per plot. The values of relative 
species composition in Table 1 are the averages of the 
grazed and ungrazed plots. The first sample was taken 18 
days after the 1985 burn. During sampling, five quadrats 
each of 0,5 m2 were randomly located within each plot 
using a co-ordinate system and all the above-ground vege-
tation hand-clipped to stubble height (this differed be-
tween species according to whether they were tussock 
grasses or not) . The clipped material was dried at 50°C 
for 5 days and then weighed. 
After clipping, two soil cores were taken from each 
quadrat, making a total of 10 for each plot. The location of 
the core in the clipped area was such that it was centred 
over a clipped grass tuft or herb shoot. This was achieved 
by centering the corer over the nearest tuft/shoot of grass 
or forb to a randomly located point in a grid system lain 
over the clipped area. It was considered necessary to 
centre each sample around the centre of a tuft/shoot for 
two reasons: firstly, to reduce pulling roots near the rim of 
the corer into the sample as the corer was rotated. This 
often occurred during a pilot study if the corer rim was 
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situated such that it had to cut through the middle of a 
tuft. As the tuft diameter of most species was less than the 
diameter of the corer this problem was avoided by locating 
each sample in this manner. The second reason was to re-
duce statistical variation by having more uniformly collec-
ted samples. Each core was 82 mm in diameter and was 
taken to a depth of 0,5 m. The bias of this sampling proce-
dure was determined as described in the discussion. Sam-
pling was at approximately 3-monthly intervals to account 
for major seasonal changes only. The final sample in April 
1987 was taken at lO-cm intervals to a depth of 75 cm and 
100 cm for the C. validus and T. leucothrix grazed plots , 
respectively , in order to obtain a standardized root dis-
tribution profile for comparative purposes with other 
studies. These depths were determined as the maximum 
rooting depth at each site from observations in excavated 
soil pits at each site . 
Individual cores were placed in plastic bags and taken to 
the laboratory where each was transferred to a bucket and 
soaked overnight in water containing dispersant (IN 
sodium-hexametaphosphate, pH 8,5). The following day 
each was sieved to separate the roots from the soil. All 
subterranean organs of forbs (corms etc.) were regarded 
as roots. No attempt was made to distinguish between live 
and dead roots. 
Sieving was through two sieves, a 2-mm mesh followed 
by a 0,5-mm mesh. After most of the roots had been ex-
tracted via successive washings of the core , the remainder 
of the soil and stones were spread in a shallow aluminium 
tray (3 cm deep) and water was run continuously through 
to separate the fine roots by flotation . The outflow from 
the tray passed through a 0,5-mm mesh sieve. 
Thereafter the collected roots and any adherent soil 
particles were dried at approximately 50°C for 5 days and 
then weighed. Subsequently, each sample was ashed in a 
muffle furnace at no°c overnight, cooled in a desiccator 
and reweighed. All weights were recorded to the nearest 
0,1 g. The weight of roots was then determined as the dif-
ference between pre- and post-ash weights . Initially, cor-
rection for the weight of ash was attempted by acid diges-
tion of the remaining ash as described by Bohm (1979) , 
but this was discontinued as the increments to the total 
standing crop were negligible (nor was it efficient in terms 
of time and cost). Consequently all figures of standing 
crop are very slight underestimates as the ash component 
has been omitted. 
Results 
The distribution of roots with depth for the T. leucothrix 
and C. validus sites for the April 1987 sample are presen-
ted in Table 2. 
Both sites show a strong concentration of roots in the 
upper 20 cm (56,35 and 81 ,4% for the T. leucothrix and C. 
validus sites, respectively) . They differ in that the T. leu-
cothrix site shows a more even distribution of roots which 
Table 2 Percentage root distribution with depth 
Depth interval (cm) 
0-10 
10-20 
20-30 
30-40 
40-50 
50-75 
75-100 
% of total root mass excavated (± SE) 
T. leucothrix site 
39,1±2,86 
17,2±2,09 
14,5±2,23 
1O,2±1 ,25 
7,1±2,40 
7.2±0,71 
.' . T±0,53 
C. validus site 
59,6±5,63 
21 ,7±4,70 
7,0±1 ,01 
4,8±1 ,12 
4,5±1,46 
2,4±0,41 
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extend to a greater depth. 
The total standing crop of roots fluctuated considerably 
during the study, a common problem with root studies 
(McNaughton 1985; Smith 1985). This is illustrated in Fig-
ures 1a & b. For clarity in the Figures, the standard errors 
were not plotted but are given in Table 3. The following 
discussion refers more to trends than absolute values, as 
differences between treatments were not always signifi-
cant, and between seasons were rarely so (especially after 
autumn of the first year). Significant differences between 
treatments (not seasons) at specific dates are indicated in 
Figures 1a & b. 
Generally, although not consistent, the standing crop 
was highest during the non-growing seasons of autumn 
(March-May) or winter ~June-August), attaining values 
of more than 3 500 g m - in most instances. Differences 
between seasons were not significant (data lumped across 
treatments) at the T. leucothrix site, and only just so at the 
C. validus site (F = 3,46; d.f = 3; 206; P < 0,05). The 
onset of the growing season in spring was correlated with a 
decrease in standing crop which was usually maintained 
through summer. Peak autumn values were approximate-
ly 20% higher, on average, than the lowest values for the 
year in mid-summer, with the exception of the second 
autumn at the C. validus site. 
At both sites the standing crop in the grazed plot was 
usually less than that in the ungrazed plot (of equal age) . 
However, root/shoot ratios tended to be similar because 
the above-ground standing crop was also less in the grazed 
plot. The standing crop of the control plot was usually 
lower than that of the ungrazed plot, at both sites. At the 
T. leucothrix site the control plot values were usually the 
lowest of the three treatments whilst at the C. validus site 
it was generally intermediate between the grazed and un-
grazed plots. Lumping of data across all dates for each 
treatment indicated that differences between all treat-
ments were significant at both sites (T. leucothrix site: F = 
3,92; P < 0,05; C. validus site: F = 8,14; P < 0,001; d.f = 
2; 207). Further comparisons of specific pairs of treat-
ments indicated that all treatments were significantly dif-
ferent at the C. validus site, but only the control and 
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Figure 1 Seasonal changes in root standing crop (a) T. leucothrix 
site; (b) C. validus site. (x-x Control plot; x---x ungrazed plot; 
X"·X grazed plot. Like letters at each sample date indicate no signi-
ficant difference between treatments , unlike letters indicate signifi-
cant differences). 
Table 3 Above- and below-ground standing crop (g m -2) and rooVshoot ratios for each site during the study 
period. (ABG = above-ground standing crop, BG = below-ground standing crop, RlS = rooVshoot ratio) 
T. leucothrix site C. validus site 
Sample Treatment 
season plot (ABG ± SE) (BG ± SE) R/S (ABG ± SE) (BG ± SE) R/S 
Winter Grazed 11 ,8 ± 1,4 4094,0 ± 359,8 346,4 36,7 ± 16,2 2808,2 ± 380,6 76,5 
1985 Ungrazed 12,0 ± 1,4 4737,8 ± 511 ,3 394,8 32,6 ± 16,3 3599,7 ± 522,6 110,4 
Control 416,7 ± 16,8 3277,8 ± 359,8 7,9 543,5 ± 58,9 3582,7 ± 551,0 6,6 
Summer Grazed 222,0 ± 16,1 3105,5 ± 359,8 14,0 355,0 ± 37,8 2463,6 ± 265,1 6,9 
1985 Ungrazed 282,7 ± 25,9 3749,3 ± 416,6 13,3 374,5 ± 28,3 2916,1 ± 365,5 7,8 
Control 365,0 ± 40,4 2935,1 ± 303,0 8,0 693 ,7 ± 54,8 2726,8 ± 376,8 3,9 
Autumn Grazed 294,9 ± 26,4 4052,3 ± 303,0 13,7 269,7 ± 14,8 2690,8 ± 462,0 10,0 
1986 Ungrazed 306,7 ± 21,2 4487,8 ± 662,8 14,6 408,4 ± 19,2 4487,8 ± 524,5 11,0 
Control 530,5 ± 45 ,1 3862,9 ± 403,3 7,3 615,4 ± 98,7 2935,1 ± 416,6 4,8 
Winter Grazed 264,6 ± 19,2 3275,9 ± 321,9 12,4 427,8 ± 32,9 2753,3 ± 401,4 6,4 
1986 Ungrazed 333,8 ± 24,8 3294,9 ± 208,3 9,9 440,4 ± 29,9 3289,2 ± 337,1 7,5 
Control 339,5 ± 85,7 3673,6 ± 435,5 10,8 739,0 ± 49,5 4014,4 ± 530,2 5,4 
Spring Grazed 294,6 ± 15,5 3560,0 ± 236,7 12,1 468,3 ± 41,0 2232,6 ± 405,2 4,8 
1986 Un grazed 316,7 ± 53,2 4128,0 ± 325 ,7 13,0 486,6 ± 57,6 3243,7 ± 348,4 6,7 
Control 435,2 ± 76,6 3408,5 ± 365,5 7,8 939,6 ± 68,8 3222,9 ± 350,3 3,4 
Summer Grazed 240,4 ± 34,1 3806,1 ± 246,2 15,8 589,9 ± 82,8 1681 ,5 ± 265,1 2,9 
1986 Ungrazed 240,0 ± 36,4 3673,6 ± 206,4 15,3 612,5 ± 113,1 3692,5 ± 522,6 6,0 
Control 182,0 ± 16,0 3446,4 ± 261 ,3 18,9 843,7 ± 145,5 2350,0 ± 416,6 2,8 
Autumn Grazed 251,7 ± 33,3 3402,8 ± 259,4 13,5 673,6 ± 58,7 3372,5 ± 392,0 5,0 
1987 Ungrazed 255,0 ± 17,0 3257,0 ± 301,1 12,8 648,1 ± 54,2 3026,0 ± 348,4 4,7 
Control 249,0 ± 18,0 3181,2 ± 397,7 12,8 746,9 ± 151,6 2645 ,4 ± 407,1 3,5 
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ungrazed treatments at the T. leucothrix site. It is interest-
ing to note that there was no noticeable reduction in 
standing crop 18 days after a fire relative to the control 
treatment, in fact, the standing crop was generally higher 
in the burnt plots. 
Discussion and Conclusions 
Root distribution with depth 
The distribution of roots throughout the profile, with a 
high concentration at the top and decreasing with depth, 
was expected since such patterns have been reported in 
most other studies (Dahlman & Kucera 1965; Sims & 
Singh 1971 ; Singh & Coleman 1973; Singh & Yadava 
1974; Cresswell et al. 1982; Dye 1983; Fairly 1985; Smith 
1985 ; Higgins et al. 1987; Svejcar & Christiansen 1987). In 
this study there was a significant inverse relationship be-
tween depth and the percentage of root standing crop ac-
cording to the equation y = 175 ,04 x + 4,66 (r = 0,99; P < 
0,(01) for the T. leucothrix site, and y = 315,71 x - 2,99 (r 
= 0,99; P < 0,(01) for the C. validus site . 
Possible factors contributing to the higher proportion of 
roots in the top 20 cm of the C. validus site compared to 
the T. leucothrix site include the occurrence of a hard plin-
thic layer between 25 and 50 cm below the surface and sa-
prolite relatively high in the profile. The former probably 
causes a build up of roots immediately above it. That such 
concreted horizons do prevent the penetration of roots to 
deeper levels has been documented elsewhere (Menaut & 
Cesar 1982; Medina 1982). Further, plinthic layers com-
monly impede drainage, causing waterlogging (Tinley 
1982) which would be unfavouable to root growth of the 
species at the site . The impeded drainage, in conjunction 
with the high clay content of the soil at the C. validus site 
would also obviate the need for roots to penetrate to grea-
ter depths for adequate moisture. The occurrence of 
saprolite relatively high in the profile (see Table 1) would 
contribute to the absence of roots at greater depths at the 
C. validus site as it is a relatively unsuitable rooting 
medium. 
Root standing crop 
Values recorded during the course of this study are high 
relative to those reported for grasslands elsewhere in 
southern Africa. The peak estimates of 4737 ,8 g m - 2 and 
4487 ,8 g m -2 for the T. leucothrix and C. validus sites , re-
spectively, are between 39 and 1996% higher than the 
peak values of 310 g m-2 (Weinmann 1943), 226 g m-2 
(Huntley 1977), 463 g m-2 (Kelly & Walker 1974), 3225 g 
m - 2 (Dye 1983) , 2139 g m - 2 (Smith 1985) and 903 g 
m - 2 (Everson 1985) . These values are also higher than 
published figures reported for grasslands elsewhere, in the 
references reviewed . 
One possible reason for the higher values reported here 
is the variability in sampling depths between different re-
searchers, many of whom sampled to shallower depths 
(70% of empirical studies reviewed) . Nevertheless, since 
most of these studies also revealed a concentration of 
roots in the upper 20 cm, differences in sampling depths at 
depths greater than 20 cm should not be expected to con-
tribute greatly to differences in standing crops recorded by 
various researchers. Hence the necessity for depth-root 
biomass distribution data which facilitates standardization 
of values to equal depths. Reduction of standing crop 
values to shallower depths for comparison with other 
sources still yields higher values than the comparative 
sources. Sampling deeper than 0,5 m to 1,0 m and 0,75 m 
for the T. leucothrix and C. validus sites would, it is es-
timated from the deeper April 1987 sample, increase the 
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standing crop by a further 19,9% and 2,4% for each site , 
respectively. 
Further differences in sampling and washing procedures 
as well as mesh sizes are reasons for discrepancies between 
studies. However , these may serve to increase or decrease 
the recorded standing crop relative to the absolute 
amount. There is a strong possibility that centring each 
sample above the top of a clipped tuft or shoot maximized 
yields per core , and that sampling between two tufts could 
result in lower standing crop estimates as recorded by 
Bray et at. (1959). The authors feel that this is probably 
not the case, due to the estimated high density of tufts at 
the study sites [Acocks (1975) described this region as hav-
ing some of the densest grasslands in southern Africa], 
such that the random location of any core would more 
often than not be situated above a cut tuft or shoot. This 
was confirmed after estimating the bias of the sampling 
strategy by randomly locating a transparent disc of the 
same diameter as the corer within 10 clipped quadrats in 
the ungrazed plot at each site. Twenty-five discs were loc-
ated within each of the 10 quadrats using a grid system of 1 
cm - 2 , and the probability of an entire tuft being located 
under the disc was determined as the mean of the 10 quad-
rats. If the disc fell over a tuft with a diameter greater than 
the disc, at least 80% of the disc had to be 'occupied' by 
the tuft to be included in the count. The probability of 
randomly placing the disc over a tuft was very high at 0,92 
± 0,014 and 0,80 ± 0,021 for the T. leucothrix and C. val-
idus sites respectively, indicating only small levels of bias 
inherent in the sampling strategy. 
The inclusion of stubble would also have contributed to 
the higher yields but not to any great degree. This is be-
cause most of the species at the study sites are not tufted 
or the tufts are of a very small diameter (some exist as 
single tillers; 45 ,7 ± 3,07% and 38,2 ± 3,06% of the tufts 
at the T. leucothrix and C. validus sites respectively, are 
less than 1 cm in diameter) and therefore there was not 
much stubble except from Cymbopogon validus plants . 
Most other species could be cut to ground level with few 
exceptions. 
With regard to the washing procedure and mesh size, 
the yields obtained in this study could be underestimates, 
as a 0,5-mm sieve may still allow a significant proportion 
of the root system in the form of very fine roots to pass 
through the mesh (Bohm 1979: Fairley & Alexander 
1985). Wet sieving as employed during this study has been 
shown to increase yields up to 30% relative to dry sorting 
(Fogel 1985). 
The high root yields are, to some extent, correlated with 
a high above-ground standing crop relative to other areas 
in southern Africa, although there does appear to be a 
greater proportion of photosynthate moving to the roots 
as discussed later. 
Seasonal trends in root standing crop 
Direct comparison between the results of this study and 
others is difficult because it is not always possible to corre-
late yearly cycles with four climatically distinct seasons. 
With such long intervals between samples it is very prob-
able that some major peaks and troughs in standing crop 
were not encountered and hence no estimate of produc-
tivity has been made. . 
At sites with reasonably distinct wet and dry seasons 
comparable to this region, the attainment of peak standing 
crop at the end of the growing season and onset of the dry 
period (autumn) , followed by a decrease through a wet 
spring and summer period , is a common feature (Dahl-
man & Kucera 1965; Sims & Singh 1971; Singh & Yadava 
1974). Research to date, primarily on temperate species, 
S. Afr. J. Bot., 1988,54(5) 
has indicated root growth in grasses is most rapid during 
late winter and early spring, with another burst of growth 
during autumn (Tainton 1981). He reported that least 
growth occurs during summer and mid-winter. Other re-
searchers have failed to detect seasonal trends (Hadley & 
Kieckhefer 1963; Dye 1983), usually a result of large vari-
ation in the data, masking any significant changes (Hadley 
& Kieckhefer 1963). 
Root/shoot ratios 
The root/shoot ratio is often considered to reflect the 
varying degrees of differential investment of photo-
synthates between the above- and below-ground organs, 
induced by particular environmental conditions, age, sea-
son, soil type and biotic pressures and correlated with 
growth form and phenology (Bray 1963; Pearson 1965; 
Aung 1974; Higgens et al. 1987; Scholes in prep.). How-
ever, recent work has suggested that the ratio of absorbing 
root surface area to photosynthetically active leaf area 
may have more meaningful functional interpretations than 
the biomass ratios used here (Sevjcar & Christiansen 
1987). The ratios reported here are comparable to most 
other published work in that the ratio decreases with age 
(Bray 1963; Aung 1974; Scholes in prep.) and is higher 
under xeric conditions and sandier soils (Bray 1963; Aung 
1974; Scholes in prep.) . The latter may simply be a reflec-
tion of inherent differences between species at the two 
sites. The decrease with age is significant (P = 0,05) only 
for the C. validus site (all treatments) even if the initial 
value is omitted. For the C. validus site, however, the 
trend is opposite to those studies reporting a higher root/ 
shoot ratio on grazed sites relative to ungrazed sites (Pear-
son 1965; Sims & Singh 1971; Strugnell & Pigott 1978) . 
Here, the grazed C. validus site had a lower ratio on all 
sample dates but one, as did a few sites of the USA IBP 
(Sims & Singh 1971). The results for the T. leucothrix site 
are variable and neither plot has a consistantly higher or 
lower ratio than the other. Whether the ratio is higher on 
grazed sites or not could well depend upon the degree of 
grazing, a factor that is often not quantified or reported. 
The mean reduction (n = 21 months) in above-ground 
standing crop between the grazed and ungrazed plots was 
12,8 ± 13,68% (t = 2,137; P < 0,005) at the T. leucothrix 
site, and 6,91 ± 2,89% (t = 1,024; ns.) at the C. validus 
site. The difference in root responses between the two 
sites may be due to C. validus having less resilience to 
grazing, being an unpalatable species, therefore it ex-
periences a greater dying-off of roots when it is grazed. 
Laboratory studies have shown that there is a decrease in 
root growth and often a dying back of roots with an in-
crease in defoliation intensity and frequency (Scott 1956; 
Tainton 1981; Crawley 1983), but the defoliation levels 
must be reasonably severe (at least 50%) before any 
marked cessation of root growth occurs. 
It is of interest that the ratios recorded during this study 
are the highest reported in southern African grasslands to 
date. This may, to a small extent, be due to the inclusion 
of the stubble layer, but as stated above the authors feel 
that the contribution of stubble was negligible except in 
quadrats with a high number of Cymbopogon tufts. All 
the ratios are above 2,5 and many are greater than 5. This 
is probably a reflection of the influence of features part-
icular to this region such as its coastal situation (including 
the strong wind factor and equable climate) and dys-
trophic soils. The proximate cause for such a high invest-
ment in underground organs is speculative, but it is ten-
tatively suggested that it lies in a combination of the dys-
trophic, sandy soils (except the C. validus - Digitaria nat-
alensis community) and a probable high frequency of fire 
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in the past [this region having been grassland for at least 
the last 2 000 years, but more likely since the Holocene 
(Feely 1987)]. Both these factors should favour dif-
ferential investment of photosynthates in the roots instead 
of shoots. It has been suggested previously that habitats 
prone to frequent fires are characterized by constituent 
species developing underground storage organs such as 
tubers and swollen roots (Moll et al. 1981; Pate & Dixon 
1982). Although unquantified, there certainly appeared to 
be a large proportion of swollen roots and bulbs in the 
cores from forbs, such as Raphionacme hirsuta, Hypoxis 
spp., Asclepias sp. and Callilepis laureola, which contribu-
ted significantly to the total standing crop. Unfortunately 
there is an absence of data from other sourveld regions to 
validate this suggestion. Rutherford (1982) suggested that 
a high root/shoot ratio and the concentration of most of 
the below-ground biomass close to the soil surface are two 
features, among others, that possibly increase the resi-
lience of Burkea africana savanna, and hence make it a re-
latively stable system. Upon the same basis it is postulated 
that the same may be true for these grasslands. The sta-
bility of the grasslands in Transkei was described by 
McKenzie (1982) although the proximate casual factors 
were not identified. This warrants further research. 
Root turnover 
There are many sampling problems encountered in the de-
termination of root turnover (Sims & Singh 1971) and the 
situation is not made any easier by the ambuiguity sur-
rounding its calculation, with three different methods 
being used. The first is the ratio of annual increment to 
peak biomass (Dahlman & Kucera 1965), the second, the 
ratio of annual increment to average biomass (Sims & 
Singh 1971), and the third being the ratio of annual root 
production to peak root biomass (Singh & Yadava 1974; 
Scholes in prep.) . Again due to sampling problems, the 
annual increment is usually taken as the difference be-
tween the maximum and minimum standing crop recorded 
during anyone year, irrespective of whether the differ-
ence is significant or not. In early studies this was synono-
mous with production and therefore the first and third 
Table 4 Calculated and comparative root turnover rates 
(years-2) 
Source 
This study 
T. leucothrix site 
Grazed 
Un grazed 
Control 
C. validus site 
Grazed 
Ungrazed 
Control 
Dahlman & Kucera 
(1965) 
Singh & Yadava (1974) 
Sims & Singh (1971) 
Grazed sites 
Un grazed sites 
Strugnell & Pigott (1978) 
Grazed sites 
Ungrazed sites 
Kumar & Joshi (1972) 
Smith (1985) 
(mire sites) 
Ratio 1 
0,24 
0,30 
0,24 
0,50 
0,35 
0,41 
0,24 
0,48 
0,79 
0,77 
0,64-D,85 
0,52-0,56 
Turnover rate 
Ratio 2 
0,27 
0,37 
0,27 
0,66 
0,45 
0,54 
0,69 
0,19-0,68 
0,22-0,51 
1,58 
1,38 
1,05-1,83 
0,66-0,81 
Ratio 3 
0,97 
470 
methods yielded the same result. However, the presently 
accepted method of calculating production as the sum of 
statistically significant increments in standing crop on suc-
cessive dates (Sims & Singh 1971; Singh et al. 1975) will 
consequently yield lower estimates of turnover rates (as 
the summation of significant increments yields higher pro-
ductivity values). Turnover times calculated for this study 
were calculated using the annual increment over any 12-
month period of the data as there were insufficient sample 
points to calculate production as the summation of statist-
ically significant increments. Turnover times and compar-
ative values are presented in Table 4. 
Irrespective of which ratio is used, the T. leucothrix site 
has a lower rate of turnover than the C. validus site, for all 
3 treatments, with replacement of the total root system 
every 32 to 50 months, as opposed to every 18 to 34 
months for the C. validus site. Obviously, certain portions 
of the root system are more active than others (the fine 
root system for instance) and therefore turnover times will 
not be uniform for the whole system (Waid 1974). 
Reasons for the faster turnover in the C. validus site are 
probably associated with the physical and chemical prop-
erties of the soil at each site, especially the moister con-
ditions of the C. validus site. Turnover times are generally 
higher on grazed sites (Sims & Singh 1971; Strugnell & 
Pigott 1978), as evident at the C. validus site. 
Conclusions 
The majority of the root standing crop occurs near the sur-
face of the soil. Total standing crop may be reduced by 
grazing of above-ground material, but mass of roots was 
not reduced by burning of the above-ground material (as 
measured 18 days after a fire). Peak root mass is attained 
during the dormant months when active growth has 
ceased, with the storage of photosynthate to promote 
rapid regrowth at the onset of the growing season, 
although detection of discernible trends in root studies is 
often marred by high variability of the data. This can only 
be overcome with a large number of samples. 
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